INTRODUCTION
Leptospirosis is caused by infection with pathogenic Leptospira. It is a globally important zoonotic disease that affects humans in rural and urban settings, in both industrialized and developing countries (Bharti et al., 2003; Levett, 2001; McBride et al., 2005) . Transmission of Leptospira pathogens to humans occurs mainly through indirect contact with water or soil contaminated by the urine of infected animals (Faine et al., 1999) . Leptospirosis has become an important public health problem in Asia and Latin America. In these tropical areas, large outbreaks of leptospirosis are most likely to occur after floods, hurricanes or other disasters. Leptospirosis has also become an urban problem in developing countries. Outbreaks occur in poor urban slum communities during seasonal periods of heavy rainfall (Johnson et al., 2004; Ko et al., 1999; LaRocque et al., 2005) . The risk of infection in urban inhabitants is not limited to developing countries because the importance of urban leptospirosis has already been recognized in inner-city populations of the USA (Vinetz et al., 1996) . In the present study, we report the presence of leptospirosis and rat reservoirs of leptospires in urban areas of Tokyo, Japan.
METHODS
Serodiagnosis of patients with clinically suspected leptospirosis. The microscopic agglutination test (MAT) for detection of antiLeptospira antibodies in patient serum samples was performed (Faine et al., 1999 ) using a battery of reference strains described previously (Koizumi et al., 2008) . These reference strains were cultivated in liquid modified Korthof's medium with 10 % rabbit serum at 30 uC (Faine et al., 1999) . Detection of IgM was also carried out by IgM dot enzyme-linked immunoassay (Dip-S-Ticks; PanBio) for cases 6 and 8 (Supplementary Table S1 available with the online journal).
Isolation of leptospires from rats. Norway rats (Rattus norvegicus) were captured using live traps at 14 locations in urban areas of Tokyo from 2002 to 2007. For the isolation of leptospires, rat kidneys were inoculated into medium and cultivated as described above. PCR. DNA was extracted from Leptospira isolates, and the blood and urine samples of patients, using a DNeasy tissue kit (Qiagen). Extracted DNAs were subjected to PCR to detect the Leptospira flaB gene (flaB-PCR; Kawabata et al., 2001; Koizumi et al., 2003) . Sequencing of amplicons was performed by the dideoxynucleotide chain-termination method using a BigDye terminator v1.1 cycle sequencing kit (Applied Biosystems).
Identification of serogroups of rat isolates. The serogroups of the isolates were identified by MAT using a panel of anti-Leptospira rabbit sera for serovars Australis, Autumnalis, Canicola, Copenhageni, Hebdomadis and Icterohaemorrhagiae, which are present in the main island of Japan.
PFGE. PFGE of rat isolates was carried out as described previously (Koizumi et al., 2009) .
RESULTS AND DISCUSSION

Human leptospirosis cases in urban areas of Tokyo
In the last 5 years (from the first case on 4 September 2003 to the last on 18 September 2008), we carried out laboratory examinations for leptospirosis for 55 cases. According to their physicians in Tokyo, the symptoms in these patients matched those of leptospirosis. A total of 16 cases were revealed to be positive for leptospirosis during the period of the study; 13 were from Tokyo (Table 1, Supplementary  Table S1 available with the online journal) and the other 3 cases were from Bali (Indonesia), Borneo (Malaysia) and Fiji (data not shown). Among the 13 cases in Tokyo, 12 patients were definitively diagnosed by MAT (fourfold increase in antibody titre between acute and convalescent serum samples or reciprocal MAT titre of at least 400 in a single serum sample), including 4 patients who were also positive for the leptospiral flaB gene by PCR using urine or blood specimens. One probable case was demonstrated by anti-leptospiral IgM and a MAT titre of 1 : 160. All patients were hospitalized with severe manifestations, such as acute renal failure and jaundice, indicating that they had contracted Weil's disease (a severe type of leptospirosis). All patients declared that they had come into contact with rats (Table 1) . Two patients (nos 1 and 2) worked at a place where they came in contact with rats, and rats were frequently found in the houses or stores of other patients (nos 3-13). The patients neither performed agricultural work nor undertook recreational activity in an endemic area, nor were they exposed to possible reservoir animals other than rats, which are generally considered as high risk behaviours. Among the 39 leptospirosis-negative cases, only 4 patients came in contact with rats (1 patient was a construction worker, and rats were seen at the houses of the other 3 patients). This indicated that the ratio of contact with rats among leptospirosis-positive cases was significantly higher than that among leptospirosis-negative cases in urban areas of Tokyo (Fisher's exact test, P,0.01). Since leptospirosis became a reportable disease in Japan (from November 2003), another laboratory-confirmed case other than the 13 cases mentioned above was reported from a regional medical centre in Tokyo in September 2006. The patient saw rats at his restaurant (T. Iida, personal communication).
Isolation and characterization of Leptospira interrogans from Norway rats captured in urban areas of Tokyo
We captured 127 Norway rats (R. norvegicus) at 14 locations in urban areas of Tokyo from 2002 to 2007. Leptospires were isolated from 22 of the 127 rats from 6 of N. Koizumi and others the 14 places (Table 2) . Nucleotide sequences of the partial flaB gene from 18 rats captured at locations F, G, H, K and M were identical (GenBank accession numbers AB454100-AB454117) and those from 4 rats at location A (the flaB sequences were identical among the four; GenBank accession numbers AB454118-AB454121) were different in six bases from those described above. The sequences from the 18 rats were identical to those of the reference strains of L. interrogans serovar Copenhageni and Icterohaemorrhagiae, suggesting that all the isolates were L. interrogans. These isolates reacted equally with antiCopenhageni and anti-Icterohaemorrhagiae sera, but not with the other sera (data not shown). The NotI restriction patterns of the genomes of the isolates from the 18 rats were identical on PFGE not only to each other, but also to the reference strains of serovars Copenhageni and Icterohaemorrhagiae ( Supplementary Fig. S1 available with the online journal). It has been determined by PFGE that the genomes of leptospiral serovars have been remarkably conserved over time and across a wide geographical distribution (Herrmann et al., 1991 (Herrmann et al., , 1992 . Most (but not all) serovars give unique patterns on PFGE carried out using the restriction enzyme NotI, although the L. interrogans serovars Copenhageni and Icterohaemorrhagiae are indistinguishable. These two serovars are also very difficult to distinguish by serological methods (Kobayashi et al., 1984) . These results indicate that isolates from the 18 rats belonged to L. interrogans serovar Copenhageni or Icterohaemorrhagiae, which are known to frequently cause Weil's disease in Japan and other countries. We could not carry out MAT for serogroup identification and PFGE on the four isolates at location A due to poor growth.
Conclusion
In 5 of the 13 human leptospirosis cases (cases 1-3, 6 and 7), the patients were infected with serovar Copenhageni or Icterohaemorrhagiae as shown by serological and PCRbased evidence (Supplementary Table S1 available with the online journal). Cross-agglutination and even paradoxical reactions are observed in MAT, but the existence of antibodies against serovars Copenhageni and Icterohaemorrhagiae in all other serum samples suggests the possibility of infection with these serovars (Supplementary Table S1 available with the online journal). Nucleotide sequences of the partial flaB gene from urine and blood (patients 1, 2, 3 and 7; GenBank accession numbers AB454122-AB454125) were identical to those from the rat isolates. In particular, Leptospira was isolated from a rat captured at the store where patient 7 previously worked. Although there is a possibility of recall bias, all the patients said they had rat contact (Table 1) . Dogs and cats may also serve as reservoir hosts in urban settings. We attempted to isolate leptospires from the kidney tissues of stray or abandoned dogs and cats in Tokyo (304 dogs and 77 cats), but Leptospira was not obtained. These results strongly suggest that the patients contracted leptospirosis (Weil's disease) from rats in urban areas of Tokyo, though the possibility of involvement of other reservoir animals cannot be excluded.
Outbreaks of leptospirosis are recognized through occupational exposure, such as rice farming and other agricultural activities in rural areas of the tropics (Tangkanakul et al., 2000) . Leptospirosis has also become a health problem in urban slums in developing countries (Johnson et al., 2004; Ko et al., 1999; LaRocque et al., 2005) . In 'developed countries', recreational activities have recently been identified as a significant risk factor for leptospirosis (Bharti et al., 2003; Levett, 2001; McBride et al., 2005) . The present study suggests that humans could contract leptospirosis through occupational exposure or exposure during activities of daily life in environments contaminated with rat urine containing leptospires in urban areas in Tokyo. Leptospirosis constitutes one of the neglected diseases in Japan except for Okinawa Prefecture (Nakamura et al., 2006; Narita et al., 2005) . This is one of the reasons why few cases have been identified over the 5 year period despite the high carriage of leptospires in rats in Tokyo. A high prevalence of Leptospira spp. in Norway rats from urban settings has also been reported from temperate and tropical endemic countries, but human leptospirosis in urban areas is underreported even in an endemic country (Ariyapruchya et al., 2003; Demers et al., 1985; Doungchawee et al., 2005; Easterbrook et al., 2007; Krøjgaard et al., 2009) . Physicians and public health authorities should, therefore, be aware of the severe risk of contracting leptospirosis associated with rats in urban areas. *Location M was a store in which patient 7 used to work; other locations are not related to the putative exposure sites of the patients.
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